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ABSTRACT 

A neodymium laser was constructed to be used in a study 
of atmospheric transmission properties of 1.06 micro-meter 
radiation. A Nd:YAG crystal was selected for use in the 
laser, and the physical and chemical properties of Nd:YAG 
as compiled from the literature are presented. A detailed 
description of the laser system design is given with the 
expected operational characteristics. The laser was 
operationally tested a number of times during, which several 
of the design parameters were varied, but lasing action was 
never observed. An outline of the probable causes for 
failure is given in the concluding remarks. 
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WHY STUDY ATMOSPHERIC TRANSMISSION PROPERTIES 



In recent years the rapid advances made in laser tech- 
nology have made laser communication systems a reality. The 
military community is particularly interested in these new 
systems for the enormous information capacities and line-of- 
sight security that are possible with such systems. Lasers 
are currently being used for target designation and high re- 
solution rangefinders with extensive research being conducted 
in communications and the high energy laser as a primary 
weapon. Before any of these system designs can be optimized 
and their full capabilities realized, it is essential to know 
how changes in the atmosphere will affect their performance. 

In the past only the microwave portion of the electro- 
magnetic spectrum was utilized for communication and similar 
type systems. As a result the effects of the atmosphere on 
this type of radiation are quite well known. With the develop- 
ment of the laser the optical spectrum has become available 
for use, and it is necessary to determine the atmospheric 
transmission properties for this part of the spectrum. Very 
little has been done in this area to date, but it is receiving 
a great deal of attention by the military. The Navy has a 
particular interest in atmospheric effects in the presence of 
an ocean/air interface; thus far nearly the only research 
accomplished has been over land. The primary goal established 
is the prediction of electro-optic system performance as a 
function of the local weather conditions. 
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II.. EXPERIMENTAL APPROACH 



The general approach envisioned for this project is to set 
up a laser to propagate across a portion of Monterey Bay. The 
beam will then be analyzed at that location or a reflector 
could be set up to return the beam to the source point for 
analysis. The image will be analyzed using a special detector 
arrangement and the data will be correlated with meteorological 
information supplied by the meteorology department. 

A neodymium laser was selected for this project for 
several reasons. The 1.06^{.m radiation characteristic of 
neodymium is in the near infrared and lies in a very trans- 
parent portion of the atmosphere. Detectors for this wave- 
length are relatively simple and inexpensive. Also, neodymium 
lasers can be operated in the continuous wave mode at suffic- 
iently high output powers to insure a meaningful range over 
which data can be taken. Since no continuous wave neodymium 
laser was available, it was decided that a Nd:YAG laser would 
be constructed. To date the total progress of the project has 
been the construction and the operational testing of this 
laser. 
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III. PROPERTIES OF ND : YAG CRYSTALS 



Over the past several years a great deal of research has 
been accomplished in the development of solid state laser 
materials and systems. Among the most thoroughly studied 
have been neodymium lasers emitting radiation at 1.06 ytm 
through a variety of host materials. The primary host 
materials studied have been glass and yttrium aluminum garnet 
(YAG) . Although other crystalline materials have been tried 
as the host material, glass and YAG have certain character- 
istics which make them much better for high repetition rate, 
Q-switched laser systems. 



A. ENERGY LEVELS OF TRIVALENT NEODYMIUM 
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Figure 1 . is an energy level diagram of Nd showing the 
laser transition' between the two excited levels ^3/2 to 
^ I ll /2 w hich makes it a four-level system. The decay proc- 
esses from the higher energy bands to the ^3^2 state are 
fast, non-radiative transitions. The ^3/2 state is metastable 
with a sufficiently long lifetime to allow population in- 
version to occur. The relaxation of the state to the 

ground state, ^*9/2' f ast enough to allow the crystal to 
support continuous wave lasing action at room temperatures. 

This is the most important advantage of neodymium over ruby 
and other three-level systems where the lasing transition 
takes place to the ground state. 
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B. FLUORESCENCE PROPERTIES OF Nd : YAG 

For design optimization of solid state laser systems it 
is important to know two particular properties of the 
crystal's fluorescence. They are, the fluorescence lifetime 
and the fluorescence conversion efficiency under optical 
exitation. 

1 . Fluorescence Conversion Efficiency 

The 1.06 Jim relative fluorescence conversion 
efficiency at 300°K as a function of excitation wavelength 
is presented in Figure 2.^ This curve is temperature depen- 
dent in the temperature range 300-500°K. Although not shown 
in Figure 2., the peaks at .52 Jim and .59 J(m increase 
significantly with temperature and become dominant over those 
in the infrared at approximately 475°K. The peaks located 
in the infrared portion of the curve are essentially temper- 
ature independent. 

2 . Fluorescence Lifetime 

4 

The fluorescence decay of Nd:YAG from the ^2/2 
energy level to the ^^2.1/2 ^ eve ^ ; ‘- s a ^ mos t independent of 

temperature in the range 300-500°K. The average fluores- 

, o 

cence lifetime as determined by Thornton, et al., in this 

temperature range was 228+15 Jisec . The accepted value 

quoted in most other sources is around 24 0 Jisec. The 

^■J. Ronald Thornton, et al., "Properties of Neodymium 
Laser Materials," APPLIED OPTICS 8 (June 1969): 1098 

2 Ibid . , p. 1087 
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fluorescence lifetime is a strong function of the neodymium 
doping level and is presented in Figure 3. 

C. PHYSICAL AND CHEMICAL PROPERTIES OF ND : YAG 

Table 1. represents a summary of physical and chemical 
properties of Nd:YAG. Figures 4 and 5 are graphs showing 
some of the optical properties as functions of temperature. 
The values given in the table and the graphs were collected 
from various references cited in the bibliography. 
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TABLE 1. 



Chemical Formula 

Crystal Structure 

Symmetry 

Space Group 

Lattice Constant 

Melting Point 

Hardness 

MOHS Scale 

Vickers (111) 

Specific Gravity 

Water Absorption 

Solubility 

Water 

Common Acids--. 

Thermal Expansion Coefficient (0-250°C) 

(100) Orientation 

(110) Orientation 

(111) Orientation 

Thermal Conductivity 

20°C 

40°C 

100°C 

200°C 

Specific Heat Capacity (0-20°C) 

Modulus of Elasticity 

Tensile Strength 

Poisson Ratio 

Refractive Index 

Output Polarization 

Brewster ' s Angle 

Critical Angle 

Normal Dopant Level Nd 3+ 



Y 3 Al 5 0i2 : Nd 

Cubic 

0i°-I 3d 
h a 

12 . 01 Angstroms 
1970°C 

8.5 

1548 

4.56+. 04 
zero 

Insoluble 

Slightly 

8.2X10"^ °C -1 
7.7X10 b 
7.8X10" 6 

0.0320 cal/sec-°C-cm 

0.0290 

0.0250 

0.0225 

0.140 cal/gm-°C 
0.45X10 6 lb/in 2 
25-30X10 3 lb/in 2 
0.3 (est) 

1 . 82+ . 003 
Unpolarized 
61.2° 

33.3° 

0.7% by weight 



I 



10 



IV. CONSTRUCTION OF THE LASER 



The laser that was constructed is similar to a commercial 
laser produced by Raytheon Corp., Model LCW3Q, with a measured 
output power of 1-2 Watts in the cw mode and capable of being 
mechanically Q-switched for 200 nanosec pulses of 1 KW at a 
pulse repetition rate of 5 KHZ. Similar operating character- 
istics were expected for this laser. The NdrYAG laser rod 
used had the following dimensions: it is cylindrical in 

shape with a diameter of 3 mm and length 75 mm. The ends are 
cut plane parallel with an anti-reflection coating for 1.06 /im. 
Two rods of identical specifications were purchased, one from 
Crystal Optics Research, Inc. and the other from the Airtron 
Division of Litton Industries. The completed laser system 
has three major subsystems comprised of; the optical pumping 
cavity, the pump cavity and laser rod cooling systems, and 
the optical resonator. 

A. THE OPTICAL PUMPING CAVITY 

The cavity geometry is a double-elliptical cylinder with 
the two ellipses having a common focus. The rod is aligned 
parallel to the cylindrical axis on the common focus. 

Figure 6. is a detailed drawing of the cavity. The cavity 
was machined from a solid block of aluminum by drilling off- 
set holes for each ellipse and hand finishing to the desired 
shape. It was then polished and the reflecting surface gold 
coated by the evaporation technique. The end plates (see 
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Figure 7.) were made from 5/16 inch aluminum plate with the 
surface towards the ellipses polished and gold coated. 

Optical pumping of the rod is accomplished with two 
tungsten-iodide, quartz-envelope lamps placed at the other 
foci of the ellipses parallel to the rod. The lamps used 
are manufactured by General Electric, mfg. stock no. 
Q1000T3/4CL, with a rated output of 1000 watts at 120V. 

Figure 9. shows the details of the lamp mounting assembly. 

B. OPTICAL PUMP CAVITY AND LASER ROD COOLING SYSTEMS 

The original design called for a completely closed loop 
cooling system so that the laser would be totally portable. 
However, after several trials using ice bath and refrigerated 
heat exchangers, it was found that the pump cavity developed 
too much heat to be efficiently removed by these methods. 

The final design used is described in the following paragraphs. 

The cavity is cooled by passing tap water through holes 
drilled in the cavity block. Multiple pass circulation was 
achieved by milling out channels between holes on alternate 
sides of the block and sealing them against leaks with rubber 
0-rings. Figure 6. gives the details of this arrangement 
and indicates water flow directions with arrows. This design 
proved quite efficient; when using tap water at 21°C with the 
lamps operating at maximum power the cavity feels slightly 
warm to the touch. 

The laser rod is enclosed in a 9mm pyrex glass tube 
through which de-ionized water is circulated by a closed 
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loop cooling system. Figure 8. displays the details of 
the laser rod mounting and cooling assembly. Cooling of 
the de-ionized water inside the loop is achieved by using 
a simple copper heat exchanger utilizing the tap water 
enroute to the cavity. Figure 10. is a schematic diagram 
of the closed loop system. The pump used was an impeller 
type with a rated output capacity of 5GPM. With the 
regulating valve in the wide open position the flow rate 
through the rod was measured to be . 33GPM. Using maximum 
lamp power with 21°C tap water passing through the heat 
exchanger and cavity, the reservoir temperature stabilized 
at approximately 23 °C with a thermistor reading at the rod 
outlet of 31°C. Since the pump uses the water passing 
through it for cooling, it is assumed to add some heat to 
the system prior to the rod inlet. However, no temperature 
measuring device was installed at the rod inlet making it 
impossible to determine the exact thermal gradient along 
the length of the rod. 

C. THE OPTICAL RESONATOR 

The optical resonator consisted of two, one inch diameter 
mirrors, one flat and the other spherically curved with a 
radius of curvature of 1.5 meters. The flat mirror was 
dielectric coated on one side for 95% reflectance and coated 
on the other side for maximum transmission. The curved 
surface of the spherical mirror was coated for -maximum re- 
flection. These mirrors were purchased from Valpe Corp., 
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